Septicemic Escherichia coli 4787 (O115: K-: H51: F165) of porcine origin possess gene clusters related to extraintestinal E. coli fimbrial adhesins. This strain produces two fimbriae: F165 1 and F165 2 . F165 1 (Prs-like) belongs to the P fimbrial family, encoded by foo operon and F165 2 is a F1C-like encoded by fot operon. Data from this study suggest that these two operons are part of two PAIs. PAI I 4787 includes a region of 20 kb, which not only harbors the foo operon but also contains a potential P4 integrase gene and is located within the pheU tRNA gene, at 94 min of the E. coli chromosome. PAI II 4787 includes a region of over 35 kb, which harbors the fot operon, iroBCDEN gene clusters, as well as part of microcin M genes and nonfunctional mobility genes. PAI II 4787 is found between the proA and yagU at 6 min of the E. coli chromosome.
Introduction
Escherichia coli is genetically and phenotypically a highly diverse species. The chromosomes of E. coli natural isolates vary in size from 4.5 to 5.5 Mb [1] . Pathogenic E. coli strains can cause a wide variety of intestinal and extraintestinal diseases ranging from local infections, such as diarrhea, to systemic infections, such as septicemia. Extraintestinal pathogenic E. coli (ExPEC) strains are a frequent cause of urinary tract infections (UTI), septicemia and newborn meningitis. ExPEC strains possess genes encoding various combinations of adhesions (P and S fimbriae), host defense avoidance mechanisms (capsule or O-specific antigen), iron acquisition systems (e.g., aerobactin and yersiniabactin) and toxins (e.g., hemolysin and cytotoxic necrotizing factor) [2] .
The term ''pathogenicity island'' (PAI) was first used to describe large unstable DNA regions in uropathogenic E. coli (UPEC) 536 (O6:K15:H31), which were shown to carry virulence genes [3] . In addition to virulence genes, PAIs also encode mobility elements such as integrases and insertion elements (IS elements). PAIs commonly integrate into or are adjacent to tRNA genes. These characteristics, which show remarkable similarity to those of bacteriophages, in conjunction with a G + C content that often differs from that of the host chromosome, have led to the suggestion that PAIs are acquired from different species via phage-mediated horizontal transfer [3] . PAIs have been identified in many ExPEC strains [4] [5] [6] [7] . PAIs have common characteristics, which are typical of pathogenicity islands, i.e., association with a tRNA gene and the presence of often nonfunctional mobility genes [8] . They can be different with respect to size, genetic content and organization, chromosomal insertion site and stability. Recent data obtained from the DNA ''pathoarray'', which were developed in our laboratory [9] and by Dobrindt et al. [10] to determine the presence of virulence-associated genes of E. coli, demonstrate the great genome heterogeneity and genetic diversity among E. coli strains. Furthermore, it underlines the fact that both the acquisition and deletion of DNA elements are important processes involved in the evolution of prokaryotes.
Escherichia coli of serogroup O115 induce septicemia and polyserositis in calves and piglets [11] [12] [13] . These strains express a fimbrial antigen complex, F165, consisting of at least two serologically and genetically distinct fimbriae, F165 1 and F165 2 [14, 15] . F165 1 fimbriae, encoded by the foo operon, is closely related to the P fimbriae of serotype F11, but bears a class III G adhesin similar to the Prs adhesin of F13 fimbriae [16, 17] . F165 2 fimbriae, which is encoded by the fot operon, is closely related to F1C fimbriae [18] . In addition to pap, F165-positive strains contain multiple virulenceassociated genes characteristic of ExPEC strains. These include diverse adhesins (sfa/focDE, afa-8, F17c, clpG, bmaE), surface antigens (traT, iss, ompT, kpsMT-III) and iron uptake systems (high-pathogenicity island (HPI) iucD, fyuA and iroN) [19] . The aim of this study was to structurally characterize putative PAIs containing fimbrial operons of E. coli 4787 (foo, P-like and fot, Foc-like) and identify the chromosomal insertion sites. The F165 positive strain 4787 was isolated from a clinical case of pig suffering of septicemia and diarrhea, was shown to cause septicemia in experimental infections of piglets and possesses many ExPEC virulence attributes [13, 18] .
Materials and methods

Bacterial strains and culture conditions
Escherichia coli 4787 is a wild-type strain (O115: ''V165'': H51:F165) was shown to contain only one copy of P-and S-related nucleotide sequences [14, 20] . E. coli HB101 was used as a host for maintaining clones. E. coli K-12/MG1655 [21] was used as a control for PCR assays. UPEC strain 536 (O6:K15:H31) [22] was used for comparison. All strains were grown in Luria-Bertani medium [23] .
DNA techniques
Isolation of plasmid DNA and recombinant DNA was performed as previously described [23] .
PCR and uneven PCR
The primers used for amplification of target genes were derived from different sources or designed from available nucleotide sequences (Table 1) . Screening for the presence of PAI specific sequences was performed by PCR with primers specific for the individual region to be amplified.
Chromosomal DNAs of E. coli strains 536 and MG1655 were used as positive and negative controls. Bacterial DNA was released by the boiling method [23] . PCR assays were carried out with reagents supplied by the manufacturer (Pharmacia) as previously described [19] . The upstream genomic sequences of the fooI were obtained by uneven PCR. In uneven PCR, exact match primers from the obtained sequence were used together with arbitrary short primers in a reaction that used two radically different annealing temperatures (42 and 55°C) in alternate annealing steps, as described by Chen et al. [24] . Amplified DNA was analyzed on 0.8-1% agarose gels by electrophoresis.
Pulsed-field gel electrophoresis and southern blotting
Pulsed-field gel electrophoresis (PFGE) was used to determine the physical locations of genes representative of PAI-like genetic elements [6, 25] . DNA from E. coli strain 4787 digested by XbaI and NotI were subjected to PFGE. Chromosomal DNA was extracted in agarose plugs and electrophoretically separated as described [19] . After PFGE, the digested E. coli genomic DNA was transferred to nylon membranes and washed according to the manufacturerÕs instructions. The most stringent wash step was 65°C, 2· standard saline citrate/0.1% SDS.
DNA probes for pheU tRNA, thrW tRNA, selC tRNA, leuX tRNA, metV tRNA, fimA, papC, sfaDE, iroN, iucD, ompT, traT, iss and cvaC were generated by PCR with suitable primer pairs and labeled as described previously [19] .
DNA sequencing and sequence analysis
Recombinant plasmid pCJ7 consisted of vector pA-CYC184 and a 10 kb chromosomal insert derived from cosmid pIIIA9, which contains foo operon and surrounding sequences (Accession Nos. L07420 and L07092) [15] . Recombinant plasmid pYvan consisted of vector pACYC184 and a 13 kb chromosomal insert derived from cosmid pIVA4 that contains fot operon and surrounding sequences (Accession Nos. U09857 and U09804) [18] . These plasmids were used to further study the junction sites of these operons via PCRmediated amplification and TA cloning. The remaining gaps were closed by primer walking on the chromosome. DNA sequencing was performed in part at University of Maine, Orono, Maine, USA and at the Faculté de Médecine Vétérinaire, Université de Montréal, SaintHyacinthe, Qué., Canada.
Homology searches were performed with the BLASTN, and BLASTX, programs from the National Center for Biotechnology Information [26] . The nucleotide sequences of PAI I 4787 and PAI II 4787 reported here has been submitted to the GenBank nucleotide sequence database and assigned Accession Nos. AY560911, AY560912, AY560913, AY560914, AY560915, and AY560916.
Results
Localization of PAIs encoding fimbrial operons
Previous studies showed that in addition to the foo and fot operon, some ExPEC virulence genes such as the iucD from the aerobactin-encoding operon, traT, encoding for surface exclusion and serum survival (outer membrane protein), iss, involved in increased serum survival, ompT, encoding for the outer membrane protein T (protease), cvaC, involved in the synthesis of structural gene for colicin V, and fimA encoding for type 1 fimbrial major subunit, are found in strain 4787 [19] . To establish whether the virulence genes are linked in the same segment of the chromosome, suggesting their linkage in a PAI, PFGE bands generated by two restriction enzymes (XbaI and SfiI) were hybridized with specific probes corresponding to the ExPEC virulence genes present in strain 4787 (data not shown). None of these genes was located on a single restriction fragment, regardless of the restriction enzyme used, suggesting that these putative PAIs contain either a number of unknown virulence genes or fimbrial operons are unique virulence factors in these PAIs. The association of foo (pap-like) and fot (sfa-related) operons in strain 4787, which harbors only one copy of each operon with tRNA genes, was characterized by using PFGE and DNA hybridization. As many of the PAIs identified are associated with tRNA loci, DNA from PFGE separations was transferred to membranes and was hybridized with DNA probes for pheU, thrW, selC, leuX and metV tRNAs as well as DNA probes for foo and fot.
In strain 4787, the band hybridizing with the foo cohybridized with the pheU tRNA probe. This is also found in uropathogenic strain J96, in which the fimbrial pap operon is part of PAI II J96 that is also inserted next to the pheU locus, at 94 min. of E. coli K12 chromosomal map [3] . This suggests that the insertion site of the putative PAI, encompassing the foo operon in strain 4787, may be within the pheU locus [19] .
None of the tested tRNA probes co-hybridized with the fot probe on a single restriction fragment, regardless of the restriction enzyme used. Although thrW tRNA was disrupted in strain 4787 as demonstrated by PCR, the thrW tRNA probe did not hybridize with the fragment containing fot operon [19] . This differs from the finding for E. coli 536, where an sfa operon homologous to fot was inserted next to thrW tRNA (PAI III 536 ).
As Dobrindt et al. [27] described that iroBCDEN gene clusters are associated with determinants coding for members of the S-adhesin family of E. coli, this situation was investigated in strain 4787. Our findings showed that the fot (sfa-related) operon was associated with iroBCDEN gene clusters, as sfa and iroN probes hybridized with the same XbaI DNA fragment of 388 kb ( Fig. 1(a) ) and the NotI DNA fragment of 145.5 kb ( Fig. 1(e) ). The results suggest that iroBCDEN gene clusters were physically linked to fot operon in strain 4787.
Sequence characteristics of PAI I 4787
Since hybridization studies revealed that the foo operon and pheU tRNA gene co-hybridize, the region containing the pheU tRNA gene was further characterized. PCR was performed with primers homologous to the flanking sequence of the pheU tRNA gene. While in E. coli MG1655, pheU tRNA primers resulted in an amplification of 475 bp, there was no amplification in E. coli 4787. Altogether this indicated that foo is on a PAI that was designated as PAI I 4787 . In E. coli K12 strain MG1655, the pheU tRNA gene is preceded by the cadC lysine decarboxylase regulatory gene and is immediately followed by the hypothetical yjdC gene, and maps to position 94 min in the chromosome [21, 28, 29] (Fig. 2(a) ). To assess whether the region downstream from cadC in E. coli 4787 was similar to the corresponding region in E. coli MG1655, amplification of the fragment between cadC and yjdC by PCR was attempted. The primers for cadC-yjdC amplified a fragment of 1221 bp in E. coli MG1655, but it did not amplify any fragment from E. coli 4787 chromosomal DNA. The foo operon contained 11 genes including fooI at its 5 0 end and fooG at its 3 0 end (Fig. 2(b) ) [15] . Downstream sequence from fooG was obtained using plasmid pCJ7 and revealed the presence of a 1303 bp noncoding region followed by a 501 bp coding region similar to prsX and papX, thus designated as fooX ( Table 2 ). In order to determine whether the interruption was a result of insertion of the foo operon, sets of PCR primers were used to amplify both junctions of the foo operon, fooI-pheU tRNA and fooX-pheU tRNA. While there was no amplification for fooI-pheU tRNA primers, a fragment of 1277 bp was amplified using fooX-pheU tRNA primers, suggesting that the 3 0 end of foo is at the junction of PAI I 4787 and pheU tRNA gene. Sequence analysis of this fragment revealed that the fooX gene was followed by a 473 bp noncoding region and an ORF (ORF3). Interestingly, a 114 bp of the noncoding region between fooX and ORF3 appeared to be common in many different PAIs ( Table 2 ). The ORF3 encodes an integrase identical to those described in E. coli J96 (CP4-like integrase) [6] ( Table 2) . A fragment of 1273 bp was amplified and sequenced using primers specific to ORF3 (int gene) and the yjdC gene. There was a nearly perfect, 136 bp duplication of the left junction, downstream from ORF3. Downstream from the duplicated region, we identified a 76 bp sequence encoding the pheU tRNA gene that carries the attB-like site at its 3 0 end. The pheU tRNA gene was followed by the hypothetical yjdC gene (Fig. 2(b) ).
As cadC is adjacent to the pheU tRNA gene in E. coli K12, the region between fooI and cadC genes at the left junction (5 0 of foo operon) was studied. Therefore, the sequence upstream from the fooI gene was obtained by sequencing fragments from PCR and uneven PCR. The downstream cadC gene was a 136 bp, nearly perfect duplication of the right junction. A 2257 bp noncoding region immediately adjacent to the duplicated region showed no similarity to sequences in the database. This noncoding region was followed by a sequence-sharing homology with part of open reading frame (ORF) B of transposase R14 of IS629 from E. coli CFT073. Adjacent to this, two putative ORFs were found: ORF1 showed similarity to ORF68 of PAI II 536 , which encodes a hypothetical protein possibly involved in DNA transposition, and ORF2 showed a high degree of sequence similarity to the transposase R15 from uropathogenic E. coli CFT073. At 195 bp downstream from the ORF2, a stretch of 115 bp was found with a homology to truncated putative outer membrane protein (OmpN).
The fooI gene was located 381 bp downstream from this partial ompN gene (Table 2 ).
Sequence characteristics of PAI II 4787
Although thrW tRNA was disrupted in strain 4787, as demonstrated by PCR, the thrW tRNA probe did not hybridize with the fot probe. This is in contrast to uropathogenic strain 536, where the sfa operon homologous to fot harbored by PAI III 536 that is inserted next to the thrW tRNA gene and followed by an integrase and excisionase gene of the O-antigen-modifying bacteriophage X of Shigella flexneri [27] . Further investigation on the left insertion site of the putative PAI II 4787 containing fot operon was conducted using primers specific to thrW tRNA and int genes. While a PCR product of 579 bp was obtained using strain 536, no amplification was observed with strain 4787. In E. coli K-12 strain MG1655, the region that is at 6 min of the chromosomal map contains the following gene order: proA, thrW tRNA, ykfI, 35 other genes and yagU [21] . The region between the proA and yagU covers approximately 40 kb downstream from the thrW tRNA gene in strain MG1655 and is absent in this form in several ExPEC isolates and in representatives of all four subgroups of the ECOR strain collection, including the A subgroup [27] . Interestingly, a product of 897 bp was obtained using primers specific to proA and int genes on E. coli 4787. The sequence of the fragment revealed a truncated copy of IS629, found in uropathogenic strain CFT073, downstream from proA. This region was interrupted by the integrase gene of S. flexneri bacteriophage X. Moreover, a sequence of 29 nucleotides within the IS629 was highly homologous to the 3 0 end of thrW tRNA gene. This indicated that in strain 4787, not only is the thrW tRNA gene interrupted, but region containing fot operon is different from that of E. coli MG1655, having lost part of the proA and yagU region and acquired other sequences as observed in some ExPEC strains.
The regions at the extremity junctions of fot operon were also characterized. The fot operon contained nine genes including the fotI at its 5 0 end and the fotH at its 3 0 end (Fig. 3(b) ) [18] . Sequence upstream from the fotI gene was amplified using plasmid pYvan. The region between proA and fooI sequences is homologous to part of IS629 and is also similar to a truncated integrase and IS3 found in S. flexneri. Seven ORFs (ORF1-ORF7) were found downstream from these sequences ( Table 3) . Five of these ORFs appeared to correspond to microcin M operon system. The regions containing sequences related to microcin M operon, such as ORF2 to ORF4, were very similar to microcin M immunity protein (McmI), microcin M (McmA protein) and microcin M activity protein (McmM) from a microcin operon of E. coli strain CA46 [30] , and a partial ORF a The location is given as nucleotide positions, numbering from the first nucleotide of the primer used for the amplification. b Amino acids sharing significant homology with database matches for the total length of compared amino acids. c Not applicable.
(ORF1) shared homology with ABC transporter protein MchF of the microcin operon in E. coli strain C46 (Table 3). Interestingly, 1 kb of this DNA sequence was homologous to truncated CvaB of plasmid pColV-K30, which is a colicin V secretion protein (Table 3) . Downstream from the region carrying the microcin M (formerly known as ColG) system, ORF5 to ORF7 were similar to ORF Z1193 to ORF Z1195 of E. coli 536 PAI III with unknown function.
The region at the 3 0 extremity of fot was further investigated ( Table 3 ). The sequence downstream from fotH gene was obtained from plasmid pYvan. The fotH gene is followed by an ORF (ORF8) with sequence homology to a conserved hypothetical protein of E. coli CFT073 and Yersinia pestis. At 119 bp downstream from ORF8, a sequence of 216 bp shared homology with a fragment (TspE4.A8) that was found by subtractive hybridization in a neonatal meningitis associated strain of E. coli C5 [31] . The sequence of 501 bp downstream from TspE4 A8 was almost identical to E. coli 536 sfaX and was designated as fotX.
Our PFGE results suggest that iroBCDEN gene clusters were physically linked to fot operon. Dobrindt et al. found the iroBCDEN cluster to be part of PAI III 536 , which contains sfa operon homologous to fot [27] . In PAI III 536 , sfaX gene was followed by iroN gene [8] . Using primers specific to sfaX and iroN gene in E. coli 536, a fragment of 1882 bp was amplified on genomic DNA of E. coli 4787. Downstream from fotX, another partial ORF (ORF9) shared homology with transposase related protein of B. halodurans. The ORF9 was followed by a 137 bp stretch of dispersed repeat region of IS 1230B of Salmonella enteritidis. There was a 19 bp putative Fur box (CTAAATGATATTAATTATC) downstream from this stretch, followed by the iroN gene cluster (from iroBCDEN operon) (Fig. 3(b) ). The presence of other iroBCDEN genes was revealed and confirmed by PCR amplification. Because the iroN arrangement downstream from fot is similar to that in PAI III 536 , the junction of PAI II 4787 was amplified based on the comparison with PAI III 536 . In PAI III 536 , the right junction site contained Iso-IS1 genes (insA and insB) and was located next to yagU locus [8] . A fragment of 2204 bp was amplified using primers insA-yagU on E. coli 4787. This sequence revealed the presence of truncated insA gene followed by truncated insB gene of the IS1 element present in PAI III 536 and the Shigella dysenteriae genome. Downstream from insB gene, a 137 bp sequence showed homology to the truncated integrase (intH) for prophage CP-933H in E. coli O157:H7 EDL933. This region was followed by an ORF (ORF10), which was homologous to E. coli CFT073 hypothetical protein, and by the hypothetical yagU gene (Table 3) .
PAI II 4787 exhibits several features which are typical of pathogenicity islands. PAI II 4787 appears to be inserted next to the proA/yagU region. In addition to the fot determinant encoding the Foc-fimbrial adhesin, this fragment comprises several genes of mobile genetic elements such as bacteriophage genes and insertion sequence (IS) elements, as well as unknown open reading frames. Apart from the virulence determinants carried on PAI II 4787 , such as the Foc fimbrial adhesin-encoding gene cluster fot and the siderophore system-encoding gene cluster iroBCDEN, sequence analysis of the partial region of PAI II 4787 did not reveal 
Discussion
This study presents evidence that ExPEC strain 4787 carries at least two PAIs. PAI I 4787 includes a region of 20 kb that not only harbors the foo operon but contains a potential P4 integrase gene and is located within the pheU tRNA gene, at 94 min of the E. coli chromosome. PAI II 4787 includes a region of over 35 kb, which harbors the fot operon, iroBCDEN gene clusters as well as partial microcin M genes and nonfunctional mobility genes. PAI II 4787 is found between the proA and yagU at 6 min of the E. coli chromosome.
In general, PAIs are frequently linked to tRNA loci. Insertion of PAI I 4787 near pheU tRNA gene is in accordance with the fact that the pap-associated islands in ExPEC strains CFT073 and J96 are also inserted at phe tRNA gene(s) (pheV and/or pheU) [3] . The acquisition of different strain-specific pathogenicity islands within the same genomic regions indicates that these loci are potential hot spots for evolution of pathogenic traits. Although PAI II 4787 is found between the proA and yagU sequences, the remnants of thrW tRNA can be found in the 5 0 of PAI II 4787 . In E. coli K12 proA gene is adjacent to thrW tRNA gene, but sequence remnants of thrW tRNA are found in the 5 0 of PAI II 4787 . In PAI II 4787 , the region immediately downstream from proA gene had significant homology to the truncated copy of IS629 of UPEC strain CFT073. This region was interrupted by an integrase gene, associated with bacteriophage X of S. flexneri which recognizes the thrW tRNAencoding gene as a chromosomal insertion site. A sequence of 29 nucleotides within IS629 is highly homologous to the 3 0 end of thrW tRNA. The occurrence of truncated tRNA-encoding genes within PAIs or DNA regions presumably acquired by horizontal gene transfer has also been observed for PAI II CFT073 [5] and indicates the importance of these hot spots for chromosomal integration of foreign DNA sequences. The insertion site [27] . The insertion sites of S fimbrial operon family of various ExPEC strains are different. In E. coli 536 the Stype pilus operon located on a 70-kb island associated to a thrW tRNA site (PAI III 536 ). Moreover a S-related type, foc operon encoding F1C pili, is present on a 47-kb island close to serX (23.64 min) in E. coli CFT073 [32] . In UPEC strain J96 and newborn sepsis-associated E. coli RS218, the foc operon was mapped near the ptsG gene (25 min) [33] . Thus, S and S-related fimbrial operons are inserted in different regions of the E. coli chromosome. This is in contrast with the P fimbrial operon family, where the P-related operons such as foo operon within PAI I 4787 are associated with one of the phe tRNA gene(s) (pheV and/or pheU). The PAIs carrying the locus of enterocytes effacement (LEE) of some EPEC (Enteropathogenic E. coli) and EHEC (Enterohaemorrhagic E. coli) strains are also inserted at the pheU locus [35] .
Another general feature of PAIs is that they are often flanked by small directly repeated DNA (DR) sequences resembling phage integrase attachment (att) sites. PAI I 4787 is flanked by 136 bp of nearly perfect DRs, but no DRs are found in PAI II 4787 . A 76-bp sequence encoding the pheU tRNA gene, carrying the attB-like site at its 3 0 end, is also found in PAI I 4787 . Several PAIs contain genes homologous to the bacteriophage integrases, which might have played a role in the original mobilization of the PAI [3] . The junction at the 3 0 end of PAI I 4787 contains the int-phe gene. These genes are also found in all PAI elements of enterobacteria, which are co-located with either of the two identical phenylalanine tRNA loci, pheU and pheV. These are the LEE PAIs of EPEC, the PAI II J96 of UPEC, the afa-8 gene cluster of E. coli and the she PAI of S. flexneri [7, 34, 35] . Int-phe is a member of a family of site-specific recombinases, which contains the highly conserved RHRY motif that is necessary for integrase function [35, 36] . Tauschek et al. [35] suggested that it is the type of integrase that determines the site of integration, not the virulence factors encoded on the PAI. The PAIs may have been acquired from a bacteriophage via horizontal transfer, as is suggested by the phage-like integrase, the att sites or DRs, and the targeting of tRNA loci as integration sites.
Both PAIs of E. coli 4787 contain sequences with the highest homology to IS629. IS629 is frequently found in Shigella and related bacteria, where it is often associated with virulence determinants [37] . A number of regions with sequences similar to those of genes from other known mobile genetic elements are interspersed throughout PAI II 4784 . PAI II 4787 also contains dispersed repeat regions of IS1230B of S. enteritidis, truncated genes of the IS1 and IS3. Most of the PAI II 4787 ORFs related to insertion sequences encode proteins that appear to be disrupted. In fact there are no intact insertion sequences in the island. These data underline the frequent presence of horizontally acquired genetic elements within pathogenicity islands.
It is interesting to note that the remnants of the microcin M determinant have been found upstream of fot operon on PAI II 4787 . The genetic organization and DNA sequence of four ORFs (ORF1-ORF4) from PAI II 4787 are almost identical to structural and immunity genes of microcin M operon (mchF, mcmI, mcmA and mcmM), except for missing mcmL and mcmK genes, responsible for putative proteins involved in the maturation of microcin M (formerly known as ColG) [30] . Immunity to microcin M may be an important adaptation for E. coli in environmental niches that E. coli shares with other bacteria inside and outside the host.
The iroBCDEN operon, has been detected downstream from the fot operon on PAI II 4787 . Strain 4787 shows resemblance to strains CP9 and CFT073 with respect to the iroN E. coli gene arrangement and fot sequence vicinity. Resemblance is most notable with strain CP9, where iroN gene is also part of a PAI and is preceded by DNA sequences with homology to the related prs or foc gene cluster (F1C fimbriae) and is flanked by IS1230 sequences [38] . The horizontal transfer of iron acquisition systems effectively alters the ecological and pathogenic characteristics of the recipients by allowing their survival in low-iron conditions. Recently, Patzer et al. [30] proposed that iroB and iroD genes, which are very similar to mcmL and mcmK genes, might complement and allow synthesis of microcin M in E. coli strains that possess both iroBCDEN gene cluster and remnants of microcin M operon. Overall sequence comparison between foo and fot operons revealed 92% homology in fimbrial regulatory genes (fooI and fotI) and 84% in the region of fotB and fooB [39] . Interestingly, both operons contain sequences similar to the papX gene. The papX gene has the highest degree of homology to the Mar family of transcriptional regulators. In E. coli J96, the papX gene is present with both pap and prs operons. Mutagenesis studies on papX by Marklund et al. [40] indicated that PapX was not required for P fimbriae biogenesis. A recent study by Li et al. [41] has shown that PapX is functionally homologous to MrpJ, encoded by the Proteus mirabilis mannose-resistant/Proteus-like (mrp) fimbriae operon.
Generally, PAI I 4787 and PAI II 4787 are mosaic-like structures consisting of many sequences that show the highest homology on the nucleotide level to chromosomal regions of other pathogenic E. coli strains (e.g., UPEC strains 536, J96 and CFT073) and of S. flexneri (SHI-2 PAI). A marked fraction of ORFs located on these PAIs is derived from mobile accessory genetic elements, such as bacteriophages, plasmids and IS elements. The estimated size of the genome of strain 4787 is about 4.9 Mb and is larger than that of E. coli K-12 MG1655 (4.63 Mb) but smaller than that of pathogenic strain J96 (5.12 Mb) [19] . In strain 4787 the absence of some ExPEC virulence genes described in strains J96, CFT073 and 536, may indicate that PAI(s) 4787 could have the potential for acquiring additional virulence genes over time or that virulence genes within PAI(s) 4787 were deleted. Because J96, CFT073 and 536 ExPEC strains are from human urinary tract infections, as opposed to strain 4787 isolated from a septicemic animal, the different types of infection and hosts can explain the differences in the virulence characteristics of ExPEC strains.
